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In t roduc t ion  

A previous memorandum (Reference 1) presented  t h e  
t r a c k i n g  coverage and o r b i t a l  day/night cyc le s  f o r  t h e  SL-2 
s h o r t  rendezvous o p p o r t u n i t i e s  (M=5, 6 ,  7)  occur r ing  on t h e  
f i rs t  seven days a f t e r  SL-1 launch. The purpose of t h i s  
memorandum i s  t o  update t h e  previous one by inc luding  t h e  
new rendezvous p r o f i l e ,  t h e  M=8 o p p o r t u n i t i e s ,  t h e  la tes t  
MSFN (S-Band) conf igu ra t ion  (Antigua, Guaymas, and Grand 
Bahamas are d e l e t e d  and Santiago i s  added) ,  and the  c u r r e n t  
launch date and t i m e .  These d a t a  are presented  i n  F igures  2 
through 1 9 ,  Table 1 con ta ins  t h e  names, abbrevia t ions ,  and 
l o c a t i o n s  of t h e  MSFN s t a t i o n s  used.* 

For each M number, t h e  minimum, average, and max imum 
phase angle  o p p o r t u n i t i e s  are shown i n  t h e i r  order of occur- 
rence.  To i l l u s t r a t e ' t h e  rendezvous p r o f i l e ,  t h e  SL-2 rendez- 
vous maneuver p o i n t s  and t h e  a l t i t u d e  a t  each a p s i d a l  c ros s ing  
are shown i n  each f i g u r e .  Also shown i n  each figure is  t h e  
p o i n t  where t h e  s l a n t  range between SL-l/SL-2 i s  300 nm. T h i s  
po in t  is  labeled S/C NAV and is  t h e  p o i n t  where nominal on-board 
nav iga t ion  can begin. I n  each f i g u r e ,  time-zero is the i r ; s t ax t  
of SL-2 launch. 

The rendezvous t ra jector ies ,  o r b i t a l  day/night c y c l e s  
and t r a c k i n g  coverage w e r e  generated i n  t h e  same manner as 
Reference 1 wi th  t h e  fol lowing changes, The SL-1 launch t i m e  
i s  0930 EST on November 9 ,  1 9 7 2 ,  and t h e  descending node a t  
SL-1 i n s e r t i o n  w a s  changed t o  t h e  p r e s e n t  va lue  of 153.25 
degrees .  The NC1 maneuver always occurs  1-1/2 orb i t s  a f t e r  
SL-2 i n s e r t i o n  r e g a r d l e s s  of M number. 

The coverage d a t a  presented i n  F igures  2 through 1 9  
are gene ra l ly  a p p l i c a b l e  f o r  any SL-1 d a t e  and t i m e  of launch. 
This  i s  p a r t i c u l a r l y  t r u e  of the  coverage from i n s e r t i o n  

*The assumed l o c a t i o n  f o r  Sant iago i s  t h e  same as  t h e  
STADAN s t a t i o n  p r e s e n t l y  located j u s t  o u t s i d e  Santiago. 
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through NSR as for any given M number and phase relationship 
(minimum, average, or maximum), the angle caught up from 
insertion through NSR is a constant. This can be seen by 
comparing Figures 2 and 11 which are M=5 minimum phase oppor- 
tunities for different dates and times of SL-2 launch. How- 
ever, the coverage from NSR through TPF will vary somewhat as 
the time in coelliptic orbit is a function of the sun's position 
in the orbit plane, which varies with date and time of SL-2 
launch. Since the time in coelliptic orbit is constrained to 
not less than 30 and no more than 75 minutes, the reader can 
bracket the variation in NSR through TPF coverage by positioning 
the TPI and TPF events accordingly. 

The M=5, 6, 7, and 8 rendezvous opportunities for 
the first seven days after SL-1 launch are shown in Figure 1. 
The circled numbers indicate the points in the launch window 
for which tracking data was generated. These numbers are 
identical to the figure numbers presenting the coverage data. 

As there have been a number of changes in the SL-2 
rendezvous profile, SL-1 insertion conditions, and number of 
MSFN stations since Reference 1 was published, their impact 
on the tracking coverage requires assessment. This is espe- 
cially true of the critical period from insertion through NC2, 
as the ground is prime for N C 1  and NC2 maneuver computations. 

Coverage Analysis 

from Reference 1 will not be included here. However, the 
significant differences w i l l  be noted. 

Because of the volume, the tracking coverage data 

Nominally, on-board navigation can begin once the 
slant range between SL-1 and SL-2 is less than 300 nm. 
Reviewing Figures 2 through 19 shows there is adequate oppor- 
tunity for on-board navigation prior to the NCC and subsequent 
maneuvers in all cases. This assumes 32 minutes is sufficient 
to perform navigation measurements and prepare for the maneu- 
ver. 

(strict and relaxed) for ground computed maneuvers. The strict 
criterion requires coverage by two S-Band stations (at least 
three minutes each for range and range-rate measurements) which 
are sixty or more degrees apart in longitude to compute a good 
maneuver solution. 
linking. 
be taken no later than ten minutes prior to the uplink station 

There are two between-maneuvers MSFN coverage criteria 

A third station pass is required for up- 
The last data used in the maneuver computation must 
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pass  and t h e  upl ink  must occur no l a t e r  than  t e n  minutes 
p r i o r  t o  t h e  maneuver. The relaxed c r i t e r i o n  requires 
only one S-Band range and range r a t e  pass  coupled w i t h  a 
s u i t a b l e  upl ink  pass  as def ined above. T h i s  produces a 
degraded though acceptab le  s t a t e  v e c t o r  f o r  maneuver com- 
puta  ti on 

Whether or no t  these  MSFN coverage c r i t e r i a  are 
m e t  i s  most important  f o r  t h e  SL-2 i n s e r t i o n  t o  NC1 and NC1 
t o  NC2 c o a s t  per iods  as t h e  ground is  prime f o r  NC1 and NC2 
maneuver computations. Reviewing Figures  2 through 1 9  shows 
t h a t  t h e  s t r i c t  c r i t e r i a  i s  met f o r  a l l  NC1 t o  NC2 c o a s t  
phases.  However, f o r  t h e  i n s e r t i o n  t o  NC1 c o a s t  phase, only 
t h e  r e l axed  c r i t e r i o n  is  m e t  i n  a l l  cases. 

For t h e  previous rendezvous p r o f i l e  (Reference l), 
t h e  s t r i c t  c r i t e r ion  was m e t  o r  exceeded for  a l l  i n s e r t i o n  
to NC1 c o a s t  phases excluding t h e  M=5 case. T h i s  degrada t ion  
i n  coverage i s  due s o l e l y  t o  the  r educ t ion  i n  t h e  number of 
o r b i t s  between i n s e r t i o n  and NC1 f o r  t h e  M = 6  and 7 rendezvous 
p r o f i l e s  and no t  t h e  s h i f t  i n  SL-1 i n s e r t i o n  descending node 
o r  the  de l e t ion  of t h e  Antigua and Grand Bahamas t r a c k i n g  
s t a t i o n s .  

The e f f e c t  of d e l e t i n g  Guaymas is i n  t h e  na tu re  
of a p o t e n t i a l  problem. F o r  t h e  p r e s e n t  p r o f i l e ,  t h e  SL-2 
and OWS s ta te  vec to r  computations ( f o r  t h e  ground computed 
NC1 maneuver) a r e  t o  be based on range and range rate d a t a  
obta ined  dur ing  t h e  f i r s t  Texas pass  (Reference 2). T h i s  
??as also t r u e  f o r  t h e  previous M=5 rendezvous p r o f i l e .  
However, with Guaymas i n  t he  MSFN, a backup w a s  przvided if 
Texas were unable t o  supply t h e  d a t a  f o r  t h e  NC1 maneuver 
computation (Reference 1). A l s o ,  f o r  t h e  M-6 and 7 rendez- 
vous n e i t h e r  Texas nor Guaymas w a s  necessary t o  compute good 
NC1 and NC2 s o l u t i o n s .  

The p r e s e n t  p r o f i l e  coupled with t h e  d e l e t i o n  of 
Guaymas means t h a t  Texas i s  the  only  s t a t i o n  a v a i l a b l e  t o  
o b t a i n  range and range r a t e  d a t a  f o r  t h e  NC1 maneuver compu- 
t a t i o n  i n  a l l  cases. I f  Texas cannot supply t h e  necessary 
d a t a ,  t h e  ground w i l l  no t  be a b l e  t o  compute a good NC1 
s o l u t i o n  i n  a l l  cases .  

From NC2 on, t h e  MSFN acts as a backup t o  t he  on- 
board NCC, NSR, T P I ,  and TPF maneuver s o l u t i o n s .  For M=5 
and 6 (excluding t h e  Day 1, M=5, maximum phase angle  case )  I 
there i s  s u f f i c i e n t  coverage t o  compute t h e  NCC and NSR p a i r  
of burns and upl ink t h e  so lu t ions .  For M=7 and 8 and the  
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one M=5 case above, the NC2,  NCC, and NSR maneuvers must 
be uplinked as a triplet because of insufficient tracking 
coverage for maneuver computations between NC2 and NSR. 
This was also necessary for the M=7 rendezvous opportu- 
nities in the previous profile (excluding the Day 7 mini- 
mum phase opportunity). 
previous study. To the writer's knowledge, the quality 
of the maneuver computation for this procedure has not 
yet been evaluated by MSC. 

It is interesting to note that the ohly impact 
of the addition of the Santiago station is to provide TPI 
coverage for the Day 2 ,  M=8 opportunities and additional 
tracking between NSR and TPI for the Day 7 ,  M=8 opportu- 
nities. This is the only time Santiago is even seen for 
the short rendezvous. 
nent role in the higher M numbers. 

M = 8  was not included in the 

It would probably play a more promi- 

Summary 

Of the recent changes in the SL-2 rendezvous 
profile, SL-1 insertion descending node, and number of MSFN 
stations, the most important factor from a ground tracking 
viewpoint is the change in the rendezvous profile, 
the NC1 maneuver to always occur 1-1/2 orbits after inser- 
tion means that MSFN coverage for the NC1 maneuver computa- 
tion never exceeds the relaxed criteria. 

Deleting the Antigua, Guaymas, and Grand Bahamas 
stztions does not affect the overall quality of the coverage 
for rendezvous purposes. However, d e l e t i n g  GUapitas elimi- 
nates the only backup to Texas for all ground computed NC1 
maneuvers. 
tracking coverage is to provide T P I  coverage for the Day 2 ,  
M = 8  opportunities and additional coverage between NSR and 
TPI for the Day 7 ,  M-8 opportunities, 

Limiting 

The only effect adding Santiago has on the 

1 0 2 5 -WLA- li W. L, Austin 

Attachments 
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Table 1 

STATION NAMES AND ABBREVIATIONS 

STATION NAME 

Ascension Island 

Bermuda 

Canary Island 

Canberra 

Carnarvon 

Corpus Christi, Texas 

Go idstone 

Guam 

Hawaii 

Madrid 

Mer r i tt Is land 

Santiago 

LOCA' 
Latitude 

7.955s 

32,351N 

27.765N 

34.4156 

24.9088 

27.654N 

3 5 . 3  4 2N 

13.309N 

22.125N 

40.455N 

28.508N 

32.978s 

CON 
Longitude 
-~ ~ ~ 

14.328N 

64.658W 

35.635W 

148.977E 

113.7243 

97.378W 

i i c ; , a n w  

144-7343 

159.665W 

4 . 167W 
80.710W 

70.669W 

ABBREVIATION 

ACN 

BDA 

CY I 

CNB 
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TEX 

GDS 

GWM 

HAW 

MAD 

MIL 

SAN 
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RENDEZVOUS TYPES: M = 5f=] M = 6- M = 7- M = 8- 

NOTE: CIRCLED NOS. CORRESPOND TO FIGURE NO. 
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FIGURE 1 - SL-2 SHORT RENDEZVOUS OPPORTUNITIES FOR THE FIRST SEVEN DAYS AFTER 
AN SL-1 LAUNCH AT 9:30 AM EST ON NOV. 9,1972 
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